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ABSTRACT

A versatile model is described which estimates atmospheric dispersion based on plume

trajectories calculated for the mixed layer. This model allows the treatment of the dispersal

from a source at an arbitrary height while taking account of plume depletion by dry and wet

deposition together with the decay of material to successor species. The plume depletion,

decay and growth equations are solved in an efficient manner which can accommodate up to

eight pollutants (i.e. a parent and seven serial decay products). The code is particularly

suitable for applications involving radioactive chain decay or for cases involving chemical

species with successor decay products. Arbitrary emission rates can be specified for the

members of the chain or, as is commonly the case, a sole emission rate can be specified for

the first member. The code, in its current configuration, uses readily available upper-air

wind data for the North American continent.



INTRODUCTION

Long range atmospheric transport is being better studied in recent times partly because

the short range problem is somewhat understood and partly because of the realization that

effects occurring at large downwind distances can also be of interest. These effects

include chronic low level exposure problems and problems arising from the creation of

secondary species during long distance transport of the primary material.

The present work arose out of a need to study the long-range atmospheric transport of

radionuclides (or other pollutants) as it applies to one part of a sequence of events which

have an end effect on man. In the initial parts of this sequence, transport in the

atmosphere is important. Transport over short distances is generally of greatest importance

for such a situation because of the occurrence of the highest concentrations of an effluent

near to the source. However, long-range transport becomes important when a number of

widely placed sources must be considered simultaneously and/or whon chronic' low-level

exposure or successor species generation come into play.

The capabilities and limitations of long-range transport modelng techniques is not as well

understood as in a case of short-range transport. The reader is referred to review papers

(Bass, 1980; Eliassen, 1980; American Meteorological Society, 1981), which give

indications of the types of modeling approaches which are currently in existence for long-

range transport. It should be kept in mind that verification of long-range models is difficult

and in many cases one can do little more than scrutinize the scientific principles on which a

given model is constructed. The model described here is intended for the purpose of

calculating long-term averages (i.e., a month or longer). We feel that ong-range transport

calculations for short periods of time are much less reliable.



Trajectory Methods

Approaches to the long range transport modeling problem which fall under the category of

trajectory methods operate by calculating the trajectories followed by material released

from a source. These trajectories are computed from segments determined b y the! local

wind vector. The trajectory determines the locus of a puff ceniroid (or plume centerline)

and lateral and vertical diffusion is superimposed. The approach of Heffter et al. ;(1S75) is

a typical trajectory modeling approach. The ORNL code RETADD (Bagovich, Murphy and

Nappo, 1978) is based on the Heffter code. Another well-known trajectory modehis that of

Start and Wendell (1974).

The current code came about because of shortcomings in the available approaches -using

the trajectory techniques. These shortcomings involve the proper treatment of dry

deposition and conversion to successor species. For instance, the Heffter model (Heffter et

al, 1975 and Heffter, 1980) assume a ground-level source. With a typical dry deposition

velocity of 0.01 m/s such a model would seriously over-estimate plume depletion in the

case of an elevated source. There is also a serious need to account for theidispersal of a

pollutant which may give rise to a number of successor species involving decay by

radioactive or chemical transformation together with loss of plume material due to

deposition. This need has not been addressed in e satisfactory manner in any of the

available trajectory codes of which the authors are aware. The present code approaches

these problems in the manner outlined by Murphy, Nelson and Ohr (1980).

The model to be described here makes use of upper air wind data available at roughly

100 locations in the continental U.S. The model operates by allowing puffs oftmaterial to be

emitted four times per day. These puffs are constrained to follow trajectories made up of

three hour segments. These three hour segments are obtained from interpolated wind

vectors using the newest available six hourly upper air wind data. These data are updated

every six hours, however, it is only every 12 hours that all of the stations report (OZ and

12Z). At the intervening times (6Z and 18Z) about one-third of the stations report. As the



puff centroids follow the trajectories the puffs grow by lateral and vertical diffusion. With a

source whose emission strength is Q the process is described by the following equation for

ground level concentration.

(1)
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X: downwind distance from the. source

y: lateral distance from plume centerline

e <r : lateral and vertical spread of Gaussian plume - these quantities are

functions of downwind distance or time

u: wind speed

h: source height.

These diffusion processes are parameterized in the model in a simple manner. The rate at

which such diffusion occurs is a subject which is being actively debated at present and

users of the code are encouraged to employ different parameterizations if they se3 fit.

Since the code is primarily intended to estimate long term averages we do not feel that the

lateral diffusion problem is very critical since the large scale motion of the wind will be the

main contributor to the dispersion process.

As we have indicated this code builds on and is an extension of RETAOD (Begovich, Mur-

phy, and Nappo, 1978). The major differences between the present code and RETADD is

that s) an elevated source can be handled satisfactorily, b) dry deposition can be handled

for a source at an arbitrary height, and c) growth and decay (including deposition loss) of a

chain of species involving a parent and a number of daughters can be handled.



Deposition Loss

Integrating out the y dependence in equation (1) and assuming a deposition velocity of

V . we have that the deposition rate between x and x + dx isd

The total amount of material in the plume between x and x + dx is Qdt.

Thus

or

2 t

We refer to equation 2 as the plume depletion formula. In solving for C(t), one approach

which we have used Is to choose a number of representative source heights snd for a given

form of a-, calculate the plume depletion at various travel times by evaluating the integral in

(2) numerically. These results can then be stored and need not be calculated sach time the



model is run. This, of course, limits one to a given functional form for <r . However, such a

technique does solve part of the problem, i.e. the h dependence, when one recognizes that

h is never known very accurately and a representative set of values will in many cases suf-

fice.

If one can assume h=o, i.e. a ground level source, the integral is quite manageable and

one has

This is the approach adopted by Begovicr- et al. (1978) and by Heffter et al. (1975).

The Overall Decay Process

Even assuming a ground level source, however, a problem remains. From Equation 3 one

sees that the deposition removal is of the form of e ° whereas chemical or radioactive

dacays will be of the form of e . In general, plume decay due to dry depositon affects

cannot be considered to be in the form of a simple exponential. Note, however, that wet

deposition is generally considered to be a simple exponential process (Slinn, 1978). In light

of these facts it would be desirable to be able to cast the dry deposition process in the

form of a simple exponential. The approach which is outlined beiow equates the dry deposi-

tion removal with an equivalent simple exponential decay. This process is repeated periodi-

cally as wind trajectories are updated.



THEORY

The present model operates by updating trajectories at certain specified points in time.

The deposition decay problem has therefore been addressed by solving for the removal over

the time intervals between updates and then replacing this removal by an equivalent

exponential term. Thus one obtains the correct solution each time the wind information is

updated.

Plume Depletion

In Figure 1 are shown the depletion of a source due to deposition together with depletion

by a simple exponential process. Since one updates trajectories in time plume strength

need only to be calculated at various points on the curve. The curve can then be fit with

the equivalent exponential decay. With this equivalent exponential removal term, deposition

can be treated in the same manner as first order chemical transformation or radioactive

decay. This allows treatment of the total behavior of the plume with one consistent formal-

ism.

It remains to calculate the effective removal constant for the deposition part of the pro-

cess. The deposition process can be approximated by a succession of simple exponential

removals. In the limit this becomes

Assuming X(t) = at b ~ 1 it follows that

Q H-X t
| n '' _ _ ' ' ' - 1 / - 1 ( 5 )

/— 1
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or,

X t - X t
d ii i — 1 i — 1

X 1. )
(—1

where

X is now the removal rate "constant" due to deposition.
i

If b=0 there is a separate solution.

I n - = - A M n }

Q i i t
/ - 1 r - 1

In practice, we have not encountered this case. So, the deposition removal is expressible

in terms of X and t at the limits of integration and cast into the form of a removal constant.

If the deposition removal constant is calculated for any time period for any one species then

all species in the plume can similarly be treated for that same time period. It can be seer

from Equation 2 that their removal constants differ only by a factor V ..

For a species having a deposition velocity of 0.01 m/s the above technique was used to

calculate plume strength as a function of travel time. In Fig. 2 the results for two source

heights, 200 m and 500 m, are shown as well as the result obtained by assuming a ground

level source (Eq. 3). As can be seen, the assumption of a ground level source will seriously

deplete the plume in the early stages of travel and such an assumption should not be

employed if the source, in fact, is not at ground level.
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Species Decay and Growth

Putting together all removal process, the tota! removal rate constant for nuclide i is

described by

r d
* =.\ + A (8)

/ /' i

r d
where X is the radiological decay constant and X has been defined above.

i i

Assume there are a number of species in the plume which are serially related to one

another by means of a decay chain. For any one time step, the deposition decay rate will

differ from species to species but only in the factor V . (see Equation 2), while the radiologi-

cal or chemical decay factor will, in general, differ from species to species, although for any

given species it will be the same for all time steps. In what follows, the discussion will

apply to a single time step, and the indices will therefore refer to the members of the decay

chain.

For the first member of a chain one has that

dt~ X1°1

Now, the second member of the chain is fed from the decay of the first member. Therefore,

dQ

dt 21 1 2 2



where s =r X in which r21 is the branching fraction from species 1 to species 2 and X is

the radiological (or chemical) decay constant for species number 1,

The equations so far have referred to amount of material, i.e., they deal with source

strength which is proportional to, N the number of nuclei of a given species. However, for

the case of radionuclides, it is more convenient to work in activity units. Since the activity

of species i is A =X N , if one replaces the Q's in Equation (9) by the corresponding A's it
i / i

r
then follows that s -r X

21 21 2
In general therefore

dt i,i — 1 / — 1 i i

or

—=s A -\A
at i,i— 1 /— 1 / /

where one uses the appropriate expression for s.. 1 .

We can thus include all remove! processes (dry deposition, wet deposition, radioactive

decay, and chemical transformation) and derive a set of decay and growth equations.

These are well known and solvable; the first solution may have been Bateman's (1910).

The solution has more recently been discussed by Skrable (1974).
o

Starting with 0 at time zero, the solution for Q at time t is:



where
(13)

n

n s.._

>~ n ( x - x . )

This solution can be applied to a decay chain of arbitrary length. The procedure can be

repeated for each species which is present at the beginning of a time interval.



-OUTLINE OF THE RETADD II CODE

In this chapter the overall operation of RETADD is described. Input and output aspects

of the program are described in more detail in a later chapter.

RETADD II is an expanded version of RETADD (Begovich, Murphy, and Nappo, 1978). It

differs from the latter in its ability to handle elevated sources, decay chains of related pol-

lutant species, and in its formalism for incorporating deposition decay.

The code described here has been developed on an IBM 3033 machine. Discussion of

input and output features will therefore be in the context of such a machine. However, the

code has otherwise been structured so as to be as transportable as possible. Non standard

coding has been avoided.

RETADD II calculates atmospheric dispersion using historical wind data. Thus, there is an

inherent assumption that in predicting dispersion conditions for some future time that past

wind data would likely be representative of that future time period. For instance, if one

were to model the situation likely to occur during the month of July one should use data for a

July considered to be typical. If resources would allow one could perhaps do the calculation

for a number of past Julys and then average the results.

RETADD II is controlled by a driver routine (MAIN). This driver routine invokes a number of

subroutines which perform the following functions:

i. Input of data which describe conditions under which the model is to be run.

il. Location and reading of upper-air wind data. These upper air wind data are

stored in chronological order on tape or disk and new data are read from time

to time as the model proceeds with the simulation.

ili. Interpolation of wind vectors using these wind data.

iv. By concatenating a series of sequential wind vectors, wind trajectories

which originate at a source of atmosphere emissions are produced. If one



were only interested in having information on wind trajectories the code can

terminate here by displaying the trajectories. However, one is normally

interested in the dispersion of the emitted material. In that case the trajec-

tory information is stored and the program proceeds.

v. Using data on decay rates (chemical or radioactive), dry deposition and wet

deposition, the plume strengths of the output material and its daughter pro-

ducts are computed as a function of travel time.

vi. Using these plume strength estimates together with trajectory locations, cal-

culations on ground level concentration and deposition rates for the primary

and successor species are performed.

Trajectory Calculations

The model calculates dispersion from a source located within a rectangular area speci-

fied by the user. Of fundamental importance in this calculation is the determination of the

trajectories of plumes originating at the source. Trajectories are computed which originate

at the source every 6 hours, i.e. there are four per day e.t OZ, 6Z, 12Z, and 18Z. These

trajectories are composed of three-hour segments obtained from wind vectors calculated at

OZ, 3Z, 6Z, 9Z, etc. The upper-air wind data used by RETADD II refer to OZ, 6Z, 1 2Z, and

18Z. A wind vector at a given location is calculated by interpolation of wind observations at

nearby stations. In this interpolation process observations are weighted by the inverse of

their distance from the location of interest and they are also weighted so as to favor obser-

vations in an upwind or downwind direction from that location. For details of the weighting

process the reader Is referred to Begovich, Murphy and Nappo (1978). On any given day

the wind vector for OZ at the source Is calculated using the OZ upper-air wind data. This

gives a 3-hour trajectory segment. Now, using the 6Z upper-air wind data a new 3Z wind



vector is calculated for the end point location of this 3-hour trajectory segment. Using this

new wind vector another 3 hour trajectory segment is calculated to yield the end point of

the trajectory after 6 hours i.e. at 6Z. Again, using the 6Z upper-air wind data another 3-

hour trajectory segment is appended to bring the trajectory to 9Z. This process is contin-

ued for a length of time specified by the user. This length of time should be chosen such

that it is sufficient to produce a trajectory which goes outside the boundaries of the study

area. (If a trajectory were to re-enter the study area such an event would go unnoticed!)

This whole process is repeated for a trajectory originating at the source at 6Z and so on at

6 hourly intervals for the duration of the simulation time.

In summary the data are used as follows to calculate trajectory segments:

Data at OZ used for segments between 0 and 3 hours

Data at 6Z used for segments between 3 and 6 hours

Data at 6Z used for segments between 6 and 9 hours

Data at 12Z used for segments between 9 and 1 " hours

Data at 12Z used for segments between 12 and 15 hours

Data at 18Z used for segments between 15 and 18 hours

Data at 18Z used for segments between 18 and 21 hours

Data at OZ used for segments between 21 and 24 hours



Plume Strength Calculations

As noted, effective decay rates for dry deposition are next calculated for each 3-hour

trajectory segment. A decay rate must be calculated for each species in the plume. How-

ever, as can be seen from equation 2 the major part of the plume depletion depends on

geometric factors and once calculated for any given trajectory segment, depletion rates for

different species within that plume are obtained via a multiplication using the appropriate

deposition velocity, V .. The effective plume decay rate- for each plume segment and for

each species are determined in the subroutine DEPLAM.

At a point sufficiently downwind from the source the plume will become uniformly mixed

throughout the mixed layer. Under those circumstances source depletion can be assumed to

proceed in a truly exponential manner with the removal rate constant being V./L where L is

the depth of the mixed layer. It is assumed in subroutine DEPLAM that this situation comes

about when <r = 0.94L (see e.g. Turner, 1969). However, it is also assumed that the res-

tricting effects of the mixed layer will begin to be felt when <r = 0.47L. Thus for «• <0.47L

the formalism outlined Equs (1) -(6) is employed. For tr > 0.94L it is assumed that X =

V./L. For 0.47L < <r < 0.94L a weighted linear combination of these two mechanisms is

employed.

Having the effective decay rate due to dry deposition the program proceeds to invoke

the subroutine DECAY. This subroutine is contained In a loop which starts with the piume

strength for each species in the plume at the time of emission. Plume strength at the time

of emission is by definition the amount of material emitted per second by the source. In

many cases this will be non zero for one parent species only. Plume strength will vary

Intime for the different species which may be in the plume by virtue of decay or ingrowth

processes. The subroutine DECAY calculates plume strengths and it does so for the mid-

point of each trajectory segment sequentially using the plume strengths at the time of emis-

sion as starting values. Dry deposition decay, wet deposition decay, and radioactive or



chemical decay are considered using the formalism outlined in equations (8) - (13).

Atmospheric Dispersion Calculations

The subroutine CPLOT controls the ralculation and plotting of atmospheric ground leve!

concentration or activity and deposition rates of amount of material or activity. Information

.on trajectory segment locations and piume strength are used together with horizontal and

vertical diffusion rates in these calculations. Ground level concentration is calculated using

ra standard Gaussian plume formula

(14)

•where Q is the depleted plume strength at time t. Alternatively, rather than using Q (i.e., the

samount of material), one can work in terms of activity, A, as discussed above.

All Gaussian plume calculations are handled in the subroutine SPREAD which is called by

•CPLOT. SPREAD fills an array G with the ground level activity or concentration values hav-

ing determined lateral and vertical diffusion rates and using plume strength values calcu-

lated by DECAY. This process is executed for each species in the decay chain.

1 /2
The vertical spread of the plume is determined from a- 7 = (2K t) where the value of

o

K can be specified by the user. If a value is not entered for K a default value of 15m /s

is used (Draxler, 1979).

The horizontal spread of the plume is given by the relationship <r (meters) =

0.5t(seconds). This is a simple fit to a large amount of data presented by Heffter (1965).

The array G is used to produce line printer plots of ground level atmospheric activity (or

concentration) and of deposition rates to the ground. The spatial resolution implied by the



array G is, of course, much superior to that which is actually obtainable in a typical applica-

tion of this code and it should be kept in mind that the array G is only used for display pur-

poses. Although the array G is dimensioned 126 x 60 it contains only 63 x 30 separate

values.

Results obtained from RETADD are output in an array GRNDP dimensioned (21 x 15). This

array is obtained by consolidating groups of (6 x 4) of the cells in the array G, which actu-

ally means that groups of (3 x 2) separate values are combined.

Deposition Calculations

Ground deposition is calculated as total deposition, i.e dry deposition plus wet deposition.

Deposition per unit time is obtained by multiplying the average ground level activity (or con-

centration) by the deposition velocity.

It is necessary to specify a dry deposition velocity when exercising RETADD. Dry depo-

sition velocities are not always known very accurately but in many cases a literature search

may give a reasonable indication of the range of values which may be appropriate. It is left

to the model user to decide what is an appropriate value.

Wet deposition is treated by calculating a wet deposition velocity. The wet deposition

velocity is calculated as

(15)
I/ =WP

m r

where W is the washout ratio for the species of interest (supplied as input data) and P is

the precipitation rate. If zero is entered for W in the case of any species the program will

i a a value of 4.2 x 10 which is a commonly accepted value (Englemann, 1970). In calcu-

lating plume depletion by wet deposition a decay rate is used which is given by



X -WP/L (10)
W r

where L is the depth of the rain layer and must be supplied with the input data. If zero is

entered for L the program will use a default value of 1000m. These two parameterizations

of wet deposition are discussed by e.g. (Slinn, 1978).

Caloulational Grid Systems

RETADD II displays the calculated trajectories as line printer plots. These plots are pro-

duced for display on a line printer page using 126 horizontal characters and 60 vertical

characters. This is done solely for display purposes. We do not mean to imply that the spa-

tial resolution of the model is consistent with a 126 x 60 cell gria" (when calculating for the

continental U.S., for instance, a maximum of 100 upper air wind stations is typical).

Having obtained ground level concentrations on a 126 x 60 grid for display purposes a

conversion is made to a coarser grid for output purposes. These output data are stored for

later use by another model such as TERRA (Baes and Sharp, 1981). This final output grid is

of 21 x 15 cells and the values for this grid are obtained by averaging over groups of 6 x 4

cells on the larger grid.

Data Output

RETADD II outputs the results for each species in the decay chain. Sequentially for each

species it outputs the time averaged ground level activity (or concentration) in air. For

each species the activity (or concentration) is multiplied by the total deposition velocity

(dry plus wet) to give deposition rate on the ground and this is then output. The storage

area containing the activity or concentration is also used to store deposition rate and when

the line printer output process is complete this storage area will therefore contain



deposition values on the 21 x 15 grid for each species.

The final output from RETADD is in a format which can be read by the code ANDROS

(Begovich, Ohr and Chester, to be published). When deposition rate is output in this format

it is divided by the totai deposition velocity to yield ground level activity or concentration

again and this is then output.

Data Input

Two typss of data are needed to run the model. Upper-air wind data are used to calcu-

late the location and direction of trajectory segments and control data are used to describe

the conditions under which the model is to be run. The wind data are stored on tapes from

which they can be read as needed. Alternatively the data can be temporarily stored on disk

from which they can be easily read. The organization of the upper-air wind data will be dis-

cussed below. We will now proceed to discuss the control data which are input to RETADD

as cards.

Card No. 1 contains a title and is read as 80A1.

Card No. 2 identifies the source with an identifier OID (can be left blank) and the latitude

and longitude, OLAT and OLON. These three items are read as A8,1X,F5.1,1X,F6.1.

Card No. 3 contains information on the day (IBDY), month (SIBMO) and year (IBYR) that

computation is to begin and the number of days (NDY) for which computations are to be per-

formed. These are read in as 12, 1X, A3, 1X, 12, IX, 12. Note, the month is read in as A3, i.e.

the first three letters of the name of the month, JAN, FEB, MAR, etc. The year is read simply

as two digits e.g. 75, 76, etc. The wind data being read from tape or disk must correspond

to the year being requested. If this is not the case then the job will abort.

Card No. 4 gives the desired trajectory duration in days NDYDUR (read as 12). NDYDUR in

the code described here cannot be greater than 5. To increase this maximum value will

require more storage. However, in principle, there are no other impediments to doing so.



NDYDUR describes the length of time, in days, for which each originating trajectory is fol-

lowed. The code follows trajectories originating every six hours and each one of these is

followed for a length of time equal to NDYDUR. NDYDUR should be long enough such that, in

general, it succeeds in acfvecting material out of the region of interest or that it

corresponds to a distance at which cone ntrations are IOW enough to be of little interest.

Card No. 5 controls the form of output to be obtained from RETADD. Five quantities

ITPLT, ICPLT, 1PRNT, iPNCH and IAND are read in as 515. If this card is left blank, or if zeros

are entered for all quantities one obtains the default options which are considered to be the

most likely to be requested. Individually, however, these options work as follows: If

ITPLT=O, the trajectories, when calculated, are plotted on a line printer map. If ICPLT=O

then the program proceeds to subroutine CPLOT which means that the diffusion calculations

are performed and ground leve1 atmospheric activities or concentrations are calculated for

the various species of interest. If ICPLT=1 on the other hand, the code will calculate all of

the relevant trajectories and having plotted them in subroutine TPLOT it will terminate.

The parameter IPRNT controls the amount of line-printer output from RETADD. If it is set

to zero then a minimum of material will be output.

IPNCH when set to zero will allow the punching of a card or card image file of the calcu-

lated ground level atmospheric activities or concentrations and deposition rates. This file is

output on device number 7 and allowance must be made for it in the JCL stream. If

IPNCH=1, this fila will not be created.

When IAND=O the subroutine ANDOUT will be invoked. This will create another card or

card image file to be used by the ANDROS code (Begovich, Ohr and Chester, to be pub-

lished).

Card No. 6 contains the boundaries of the area of interest in reading wind data. These

are DTABT, DTABB, DTABL, DTABR which are respectively the top, bottom, left, and right

borders in degrees latitude or longitude as the case may be. Wind data for all stations

within these borders will be made available in calculating trajectories. Therefore, these



borders should delineate at least the geographic area for which calculations are being done.

Card No. 7 reads in the following quantities:

LBAAT: Base of transport layer in meters above average terrain height.
LTAAT: Top of transport layer in meters a^bove average terrain height.
ANZ: Vertical diffusion coefficient in m /s (if this quantity is entered

as zero it will be set to 15m / s in the code).
PRECIP: Precipitation rate in inches/year.
DELZR: Depth of rain layer in meters (if entered as zero it will be

set to 1000m).

These quantities are read in the format 14, 1X, 14, 1X, 3F10.4.

The next card (No. 8) defines the geographic region of interest. This is done by giving

the number of degrees longitude per inch for the line printer plots (XDEGPN) and by giving

the latitude (ALATT) and longitude (ALON1) of the northwest corner of the plots. The line

printer will display 12.6 inches of plot in a horizontal direction so that 12.6 times XDEGPN is

the number of degrees longitude in the horizontal direction. The vertical ex + mt of the

region will be about half of this in degrees. These quantities are read in the format F5.1,

F4.1, 1X, F6.1.

Card No. 9 begins the input of data which are more specific to the source and the emis-

sions. On Card No. 9 are contained the number of species to be considered (i.e. the number

of members of the decay chain) and the height of the source in meters. These are entered

in the format 15, El 0.4.

Card No. 10 contains the initial source strengths in the format 10E8.4. As the code is

currently constructed, it can accommodate an eight member chain. The source strengths

are followed by the source identifiers on Card No. 11 . In general these names should be

entered as alphanumeric data. However, in this version of the code which is run in conjunc-

tion with the other codes in the CRISS system (Baes & Miller, 1981) the identifiers should

be numeric and in that format they can be used for cross referencing with various data files.

These numeric identifiers are based on the Z and A numbers of the nuclides involved as fol-

lows: 10,000 times the Z number + 1 0 times the A number + a digit in the units location
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For instance, the nuclide Rn would be assigned the identifier 862220. ihese quantities

are read in the format 1 0I8.

Card No. 12 contains the decay half-lives of the species identified on card 11. Since

decay half lives can span a large range of times they can be entered in the units in which

they are most familiar. This procedure proves relpful when visually inspecting input files.

The data elements are entered in the format F7.2.A1 which will be a numeric value followed

by a single letter from the set S, M, H, D, Y indicating that the value is in units of seconds,

minutes, hours, days or years respectively.

Card No. 13 contains the branching information for each of the nuclides in the chain. This

is entered as the percentage decaying to the next member of the chain in the format E8.4.

Card No. 14 contains the dry deposition velocities for the species in the chain is m/s in

the format E8.4.

Card No. 1 5 contains the washout ratios for the members of the chain in the format E8.4.



APPENDIX

Storage Format of Upper-Air Wind Data

RETADD-II calculates trajectories using upper air wind date ss reported by weather sta-
tions at six hour intervals. These data are normally stored en 6250 bpi magnetic tapes.
Each tape contains a year's data.

These wind data will have been obtained at four reporting periods/day. For each report-
ing period there are two records on the tape. The first record is a number indicating the
number of words in the second record. The second record contains the data labelled by a
system of identifying words. A more complete explanation follows:

Record 1

Length: Ten words

Only the first word contains information. It indicates the nvmber of words in Record 2.

Record 2

Length: Up to 511 55 words

The first six words have the following meanings:

SIDMO: Three characters identifying the month.
IDYR: Year identification
IDAY: Day identification
IDHR: The hour at which the observations occurred (0, 6, 12, or 18).
NRSTA: Number of reporting stations

NREC: Total number of wind information entries for this reporting period

The information for each station follows, repeated as may times as indicated by NRSTA.

Each Station is characterized by six words:

SID: A six digit station identification number
SLAT: Latitude cf station
SLON: Longitude of station
SHT: Station Heiyht
SATH: Station average terrain height
NLVL: Number of levels at which wind is recorded

The data reported by each station then take the following for-,, which is repeated as
many times as indicated by i.'LVL.
WINDH: Height of level
WINDD: Direction of wind
WINDS: Speed of wind

RETADD acquires the starting date for the trajectory celculc.tbn from the input data.
Using subroutine POSTP, RETADD searches through the tc^e end pc-itlrv.s it &t the specified
starting date. Subroutine TPREAD proceeds to read, one en^ry e.t c tlrr.-s, t'r.e starting and
subsequent time entries as needed.
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